Purpose: Not all obese people have hyperglycemia. We wondered about the healing progress in obese people without hyperglycemia. The purpose of this study is to observe the cutaneous wound healing process. Methods: Three-week-old male mice were fed high-fat diets (containing 60% fat) in the diet group, and commercial diets in the control group, ad libitum for 15 weeks. Circle-fullthickness cutaneous wounds were made on the dorsal skin of mice. From day 0 to day 15 after wounding, we analyzed wound healing process. We measured the blood concentration of leptin, and observed the distribution of leptin-positive cells in each wound. Results: Mean body weight, the areas of subcutaneous fat and visceral fat, and the weight of epididymal fat in the diet group were significantly greater than those in the control group at 15 weeks after feeding. The diet group did not feed on the diet after wounding; their body weight decreased remarkably to the level of the control group. The ratio of wound area, re-epithelialization, and collagen fibers did not differ between the diet and control groups on each day. The blood concentration of leptin in the diet group was significantly greater than that in the control group before wounding and until day 6 after wounding (day 0, 10 hour and day 1: p < 0.01, day 6: p < 0.05). Conclusion: The results show * Corresponding author.
heavier than those of non-obese rodents fed with a normal diet, respectively. Thus, the weight of the obese mouse model is proposed as about 30% heavier than that of non-obese mice.
The purpose of the present study is to compare the cutaneous wound healing process of diet-induced obese mice without hyperglycemia with that of mice fed a commercial diet.
Materials and Methods

Animals and Diets
One hundred and thirteen C57BL/6CrSlc male mice aged 3 weeks and weighing 7.6 -14.0 g were used (Sankyo Labo Service Corporation, Inc., Tokyo, Japan). They were caged individually in an air-conditioned room with a temperature of 25.0 (SD 2.0) degrees, and with light from 08.45 to 20.45 hours. Water and laboratory chow were given ad libitum.
Mice were randomly divided into diet and control groups. The control group (n = 55) was fed a commercial diet (CRF-1; Charles River Laboratories International, Inc., Kanagawa, Japan) and the diet group (n = 58) was fed a high-fat diet (58Y1 Lard 60% kcal Diet; PMI Nutrition International, St. Louis, USA) for 15 weeks (the diet period). Table 1 shows the composition of the diets. The high-fat diet had 1.4 times the energy of the commercial diet of the control, and 6.1 times the fat.
For the evaluation of mice models, body weight and diet intake were measured weekly from the beginning of the experiment. After mice were fasted over 10 h, glucose was assessed with GLUCOCARD (GT-1641; ARKRAY, Inc., Kyoto, Japan) at week 15 after feeding.
Body Fat
The degree of body fat was analyzed by three methods at 15 weeks after feeding. First, the thickness of subcutaneous fat was measured using stained cutaneous. Second, the areas of subcutaneous fat and visceral fat were analyzed using MRI. Third, the degree of epididymal fat was measured.
The thickness of subcutaneous fat was measured between dermis and muscle layers using sections stained with hematoxylin-eosin or azan. Images of the sections were obtained using a digital microscopic camera (DP2-BSW, Olympus Corporation, Tokyo, Japan) and then imported onto a computer. The measurements were performed using the software (DP2-BSW, Olympus Corporation, Tokyo, Japan). By observation with a light microscope using a 10× objective, three measurement sites of each section were selected, where nothing was crushed or torn. The mean thickness of the three sites was calculated.
The MR imaging studies were performed with 0.4 Tesla open-MR imaging system (APERTO Eterna; Hitachi Medical Corporation, Tokyo, Japan) with QD Wrist Coil. 3D T1-weighted fast spin echo images obtained from the transverse planes from the base of the tail to the upper edge of the diaphragm. The sequence parameter was field of view: 100.0 × 81.3 mm, matrix: 192 × 156, slice thickness: 1.0 mm, number of images: 118, repetition time/echo time: 300/30 msec, number of signal averages: one, and receiver band width: 16.3 kHz. Then, the areas of subcutaneous fat and visceral fat were measured from cross-sectional images using image analysis software ImageJ ver. 1.42q (Wayne Rasband, National Institutes of Health, Bethesda, Maryland, USA). The fat delineation was carried out by manual boundary tracing. These variables were measured in 10 pieces, ranging from the base of the tail to the edge of the liver. Body fat was calculated for a total of 11 sheets per animal. The control group was fed commercial pellets (CRF-1; Charles River Laboratories International, Inc., Kanagawa, Japan). The diet group was fed a high-fat diet (58Y1 Lard60%kcal Diet; PMI Nutrition International, St. Louis, USA).
The epididymal fat was removed from the epididymis, was put on a weigh scale and the weight of epididymal fat was measured.
Wounding Procedure
Fifteen weeks after feeding with the high-fat diet or commercial diet, the mice were anesthetized with an i.p. injection of pentobarbital sodium (0.05 mg/g weight). After mice slept without pain reaction under anesthesia, two circular (6 mm in diameter) full-thickness skin wounds were made on the dorsal skin with a Kai sterile disposable biopsy punch (Kai Industries, Gifu, Japan). The day when wounds were made was designated as day 0 after wounding. Wounds were covered with hydrocolloid dressing (Tegasorb; 3M Health Care, Tokyo, Japan) to maintain a moist environment, and then the mouse was wrapped twice with sticky bandages (SKINERGATE™; Nichiban, Tokyo, Japan) that were changed every day.
Macroscopic Observations
The wound healing process was observed from day 0 to day 15 after wounding. Wound edges were traced on polypropylene sheets and photographs were taken every day. The traces on the sheets were captured with a scanner onto a personal computer, and the areas of wounds, as well as their ellipse major axis and ellipse minor axis were calculated using image analysis software Scion Image Alpha 4.0.3.2 (Scion Corporation, Frederick, Maryland, USA).
The shape of wound edges, degree of exudate, redness and edema of wound edges, color of granulation tissues, necrosis, and progress of new epithelium were observed. The ratios of the wound areas were calculated every day.
Histological procedure
Mice were euthanized with a lethal dose of pentobarbital sodium at day 0, 10 h, day 1, 3, 6, 9, 12, and 15 after wounding. The wounds and the surrounding normal skin were excised, stapled onto overhead projector sheets to prevent over-contraction of the samples, and fixed in 4% paraformaldehyde in 0.1 mol/L phosphate-buffered saline (pH 7.4) for 10 h. The samples were divided into two parts: two-thirds and one-third. After these operations, the samples were dehydrated in an alcohol series, cleaned in xylene, and embedded in paraffin to prepare 5 µm serial sections. These 5 µm sections were stained with hematoxylin-eosin (HE), azan, and anti-leptin antibody.
After the removal of paraffin, the sections were treated with Target Retrieval Solution (pH9, 10×) for 20 minutes at solution temperature of 80 degrees for retrieval, and washed with 0.05 M Tris-buffered saline (pH 7.6) for 5 min. Staining for leptin was performed immunohistochemically by using a polyclonal goat anti-leptin antibody (R&D Systems, Minneapolis, MN), followed by a biotin-conjugated donkey anti-goat antibody and developed using the BCIP/NBT Alkaline Phosphatase system (ABC kit, Vector, Burlingame, CA) [16] .
The degree of re-epithelialization was calculated as new epidermis length divided by wound length. Wound length was determined by measuring the distance between wound edges. For these measurements, image analysis software ImageJ ver. 1.42q (Wayne Rasband, National Institutes of Health, Bethesda, Maryland, USA) and HE staining sections were used.
For quantification of collagen fiber density, pictures of azan staining sections were taken on a range of granulation tissues at the wound center near the abdominal muscles. In granulation tissue, the collagen fibers which were blue-stained were selected and the number of pixels of the collagen fibers was measured using Adobe Photoshop Elements 6.0 (Adobe System Inc., Tokyo, Japan). The number of pixels of granulation tissue at the wound center near the abdominal muscles was measured. Collagen fiber density was calculated by the number of pixels of collagen fibers divided by the number of pixels of granulation tissue.
Blood Procedure
For the evaluation of the obese model, 3 mice from each group were harvested 15 weeks after feeding. Blood samples were obtained by cardiac puncture under anesthesia followed by euthanasia. The blood was used for measuring high-density lipoprotein cholesterol (HDL-C), total cholesterol, triglyceride (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT). Determination of HDL-C, total cholesterol, TG, AST, and ALT levels were outsourced to the manufacturer of these assays (LSI Medience Corporation, Tokyo, Japan).
For the evaluation of leptin, mice were harvested at day 0, 10 h, day 1, 6, and 15 after wounding (Control group n = 4, 5, 6, 6, 5, Diet group n = 5, 5, 7, 8, 6). Serum leptin levels were measured using MOUSE AND RAT LEPTIN ELISA (Biovendor Laboratory Medicine, the Czech Republi, COSMO BIO CO., LTD.).
Statistical Analysis
The data are presented as the mean (standard deviation). These were unpaired t-test comparisons between the diet group and the control group using a commercially available statistics package (JMP ® 8.0.1; SAS Institute Inc., Cary, NC, USA). Differences were considered significant at p < 0.05. This research was approved by the president of Kanazawa University and the experimental protocol and animal care were in accordance with the Guidelines for the Care and Use of Laboratory Animals of Kanazawa University, Japan (AP-101582).
Results
Obese Mouse Model (Weight, Feeding, Fat, Glucose) (Table 2)
The initial mean body weight of the diet group and control group did not differ. At 15 weeks after feeding, the body weight of the diet group was about 45% heavier than that of the control group. The control group consumed significantly more food than the diet group. However, the diet group consumed significantly more energy per week than the control group.
At 15 weeks after feeding, day 0 after wounding, the thickness of subcutaneous fat in the diet group was significantly thicker than that in the control group. The thickness of dermis in the diet group was significantly thinner than that in the control group (Figure 1(a) and Figure 1(b) ). The weight of epididymal fat was significantly heavier than that in the control group. The area of body fat in the diet group was twice as large as that in the control group (Figure 1(c) ). The fasting BS, HDL-C, and total cholesterol levels of the diet group were significantly higher than those of the control group. The BS level in the diet group, mean 152.9 g/dl, was lower than 200 mg/dl which is the minimum BS in diabetic model mouse.
Wounds
Wound healing progress in both groups seemed to be similar for 15 days. The shape of the wound in the diet group was oval. That in the control group seemed to be circular (Figure 2(a) ). The area of the diet group on day 4 was the maximum size reached during wound healing, and the maximum size of the control group was on day 2. The day when the area became maximal was different between the two groups. Ratios of the areas on day 15 were diet group: 0.12 (SD 0.08), and control group: 0.08 (SD 0.03) (p = 0.11). The ratio of wound area, the degree of re-epithelialization, and the density of collagen fiber were not different between the two groups throughout the experiment (Figures 2(b)-(d) ).
We measured the differences between the major axis and minor axis of the wound every day to analyze wound tension. On day 0, the difference in the diet group: 1.96 (SD 0.57) mm was longer than that in the control group: 1.45 (SD 0.78) mm. From day 2 to day 8, the difference in the diet group was significantly greater than that in the control group. However, after day 9, the wound shapes of both groups seemed to be circular. The difference in the diet group was roughly constant after day 11 (1.00 -1.25 mm). The difference in the control group was also roughly constant after day 7 (0.78 -0.95 mm). On day 15, the difference between the major axis and minor axis of the wound was not significant between the two groups (Figure 2(e) ). 
Body Weight Decreased after Wounding
After wounding, body weight in the diet group decreased remarkably. On day 0 -9, the weight of the diet group was significant higher than that of the control group. Consequently, mean body weights from day 10 to day 15 did not differ significantly between the two groups (Figure 3(a) ). On day 15, the weight in the diet group was 26.4 (SD 0.9) g, and that in the control group was 24.6 (SD 0.4) g (p = 0.11).
After wounding, the degree of diet intake decreased remarkably in both groups. In the control group, the degree of diet intake returned to the mean level of intake before wounding at 5 days after wounding. However, in the diet group, the diet intake was not restored to the mean level of intake until day 14 (Figure 3(b) ).
Leptin
At 15 weeks after feeding, the day before wounding, the blood concentration of leptin in the diet group (42.3 (SD 3.5) ng/ml) was significantly higher than that in the control group (3.5 (SD 1.1) ng/ml) (Figure 4) . At 10 h and day 1 after wounding, the concentrations in the diet group were (10 h: 44.9 (SD 0.7), day 1: 43.3 (SD 15.2) ng/ml) higher than those in the control group (10 h: 16.7 (SD 8.8), day 1: 11.3 (SD 7.1) ng/ml). At day 6 after wounding, the leptin concentration in the diet group was decreased remarkably to 14.7 (SD 14.5) ng/ml; however, it was significantly higher than that of the control group: 2.0 (SD 1.3) ng/ml. At day 15 after wounding, the leptin level in the diet group: 3.4 (SD 0.2) ng/ml, and the control group: 3.2 (SD 0.4) ng/ml, were almost the same and there was no significance between the two groups.
At 15 weeks after feeding, 0 days before wounding, leptin was detected in the epidermal layer, subcutaneous adipose tissue, sebaceous glands cell around hair follicles, and panniculus carnosus (Figures 5(a)-(c) ).
After wounding, a lot of leptin-positive cells were detected throughout the wound and wound edges. At 10 h after wounding, the leptin-positive cells were present in the wound bed, they seemed to be inflammatory cells (Figure 6(a), Figure 6 At day 6 after wounding, the leptin-positive cells were present in granulation tissue and necrotic tissue, they seemed to be inflammatory cells or macrophages (Figure 7(a) and Figure 7(f) ). In the diet group, the leptinpositive cells were present in the new-epidermis (Figure 7(b) ). In the control group, the leptin-positive cells were present under the edge of the new-epidermis (Figure 7(g) ). The leptin-positive cells at the wound edge were present in subcutaneous adipose tissue (Figure 7 (e) and Figure 7(i) ). At day 15 after wounding, new epidermis covered almost all of the wound surface. In the diet group, the leptin-positive cells were still present in new epidermis and granulation tissue (Figure 8(a) ). At the wound edge, positive cells were present in the epidermal layer, sebaceous gland cells around hair follicles, subcutaneous adipose tissue, and panniculus carnosus (Figure 8(b)) . The blood leptin level in the diet group was decreased at day 15 after wounding, however leptin-positive cells were still present in scars, while the leptin-positive cells in the control group were only present in dermis, hair follicles, and subcutaneous adipose tissue (Figure 8(d) ). In the epidermis and granulation tissue of the control group, leptin-positive cells were absent (Figure 8(d) and Figure  8(e) ).
The elevation in leptin was observed to develop progressively, thereby underscoring the continued expression of leptin in the course of the wound-repair process. 
Discussion
Our obese mouse model is suitable for an obese mouse without hyperglycemia. In the diet group, mean body weight was 1.45 times greater than that in the control group, and the mean weight was 45% higher. The weight of our obese mouse is lower than that of obese rats by Cattaneo: 57% [15] , but heavier than that by Nascimento: 25.7%, 29% [12] [13] and Pence: 28% [14] . In the diet group, the area of body fat using MRI was 2.1 times greater, the thickness of subcutaneous fat was 2.3 times greater, and the epididymal fat mass was 1.5 times higher compared with the control group. These data indicated that the diet group had an excessive accumulation of adipose tissue, that is obesity. To evaluate fat accumulation, body weight [12] - [15] , the index of Lee [12] [13] [15] , epididymal fat [15] , retroperitoneal fat [12] [13] were used in previous studies. There has been no previous study evaluating total body (especially trunk) fat accumulation with MRI. Our evaluation reflected body fat accumulation. Moreover, the fasting BS in the diet group, 152.9 g/dl, was significantly higher than that in the control group, 119.0 mg/dl. On the other hand, as the fasting BS in ob/ob mice, and GK rats were 295 (SD 66.8) and 229 mg/dl, respectively (industry data, Japan SLC, Inc., Hamamatsu, Japan), the fasting BS of our obese mouse is lower than those of diabetic rodent models like the obese rat [12] [13] [15] and mouse [14] models. Moreover, our diet period of 15 weeks was shorter than that of Cattaneo, 7 months [15] , and the same as that as Nascimento [12] [13], and Pence [14] . Therefore, the mice in the diet group would be suitable for an obese model without hyperglycemia.
The ratio of wound area in the diet group did not differ from that in the control group. On day 15, wounds of each group formed scars. This result indicates that wounds healed at the same speed in the two groups. The degree of re-epithelialization and the density of collagen fiber were also not different between the two groups throughout the experiment. The present data did not agree with a previous study [12] [13] . To discuss the reason, weight and feed intake for 15 days after wounding were paid attention to. Our obese mouse lost weight remarkably after wounding. Consequently, mean body weight from day 10 to 15 did not differ significantly between the obese and non-obese mice. After wounding, the degree of diet intake also decreased remarkably in both groups. In the control group, the degree of diet intake returned to the mean level of intake before wounding from day 5. However, in the diet group, the degree of diet intake did not return to the mean level of intake until day 14. The reason why the obese mouse did not take the high-fat diet is unclear, as the stress by wounding influences both the obese and non-obese mouse. In a previous study [12] , obesity models also decreased in weight. However, the weight difference was kept for 21 days after wounding. No mention was made of a decrease in feed intake. There have been no reports that an obese animal lost weight without taking in feed after wounding. So we focused on leptin to search for the reason. Leptin, a 16 kDa protein [17] , is synthesized by fat cells (adipocytes) and can be shown to circulate in plasma [18] . The appetite-regulating effect of leptin has been reported [17] [19] . After incisional wounds were created in mice, circulating leptin levels increased rapidly, reaching a peak at 12 h and returning to baseline after 24 h [16] . We considered whether an increased concentration of leptin acts as an appetite suppressor. Therefore, we measured the blood concentrations of leptin before and after wounding. At day 0 before wounding, 10 h and day 1 after wounding, the blood concentration of leptin in the obese mouse was significantly higher than in the non-obese mouse. Interestingly, this level in the obese mouse was almost stable before and immediately after wounding. Therefore, this result may indicate that the blood concentration of leptin in obese subjects is not increased by wounding, although leptin synthesis and secretion are primarily dependent on total body fat content [20] and plasma leptin levels are increased in obese persons [21] - [23] and rodents [22] . At day 6 after wounding, this concentration decreased remarkably, but was higher than that of non-obese mice. Finally, there was no difference between the two groups on day 15. On the other hand, leptin levels in non-obese mouse increased after wounding and decreased between 1 and 6 days after wounding with restoring of diet intake. Therefore, the relationship between the leptin levels in obesity and wounding must be further researched.
Topical administration of leptin may be useful as a treatment to promote wound healing in the skin [24] . In addition, leptin is a potent angiogenic factor [16] [24], a mediator of keratinocyte proliferation during wound healing [24] [25] , and up-regulator of collagen production by dermal fibroblasts [26] . In this study, during the inflammatory and granulation phase, the blood concentration of leptin in the diet group was significantly higher than that in the control group, and a lot of leptin positive cells were present in the wound area in both the obese and non-obese mice. During these phases, a high concentration of leptin in the diet group might promote wound healing. On the other hand, obesity is associated with a state of chronic, low grade inflammation [27] . The obese body might be in antagonism between the leptin effect and obesity-induced inflammation. However, as body weight in the diet group decreased remarkably in this study, it is possible that obesity-induced inflammation decreases also with leptin effect's increasing relatively. This issue should be resolved in future studies.
In surgical wounds, the increased tension on the wound edges that is frequently seen in obese patients also contributes to wound dehiscence [9] [28] [29] . A continuous facial closure potentially allows even distribution of abdominal-wall tension throughout the wound. The shorter suture length-wound length ratios may be associated with increased wound tension, which may increase tissue pressure, reducing musculofascial microperfusion and perhaps oxygen availability [30] . We measured the value of the differences between the major axis and minor axis of the wound everyday to analyze wound tension. From day 2 to day 8, the difference between the major axis and the minor axis of the wound in the diet group was significantly greater than that in the control group. This result indicates that tension is acting for a longer time than in wounds of the control group, and so this also agrees with literature in which there is tension increase on the wound edges [9] . In the diet group, the shape of the wound was oval in the dorsal and ventral direction, so we think that major tension acts in the dorsal and ventral direction in the body. However, because body weight in the diet group decreased remarkably, mice could not maintain obesity in this study. So we cannot show how tension of an obese body affects wound healing. In this study, we did not measure the value of wound tension. On the other hand, the minor axis of an oval wound is such a short distance that re-epithelialization may occur for a short time. Therefore, we plan to maintain the circle shape of wounds and study the effect of tension on wound healing.
Conclusion
The mice in the diet group had an excessive accumulation of adipose tissue. However, the body weight in the diet group decreased remarkably after wounding. The blood concentration of leptin in the diet group was almost stable before and immediately after wounding, and this level might not be increased by wounding. The ratio of wound area, re-epithelialization, and collagen fiber did not differ between the diet and control groups. This result would relate that mice could not maintain obesity from day 10 to day 15 after wounding, and it was also unclear of the effect of leptin on the wound. These findings may indicate that the maintenance of a normal weight T. Urai et al.
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is important for wound healing.
